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ADVANCE continuous integration
system key for ENDF QA

« Check new evaluations every commit

- Uses customer codes (NJOY, FUDGE, PREPRO)
- Automates ENDF Phase | testing

- Build reports for variety of needs
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In process of upgrading backend to
Python3, BuildBot 2.10 on new server

00 X| Buildbot: builder build-alphas build 1 - Mozilla Firefox
about:sessionrestore X | & Buildbot: builder build-al X | 4+
&« C @ ® localhost:10005/#/builders/2/builds/1 v @ v m e =

Buildbot Buildbot  Builders / build-alphas / 1 Rebuild e

Home ini
Finished a few seconds ago

Grid View

Waterfall View Build steps Build Properties Worker: workerCP Responsible Users Changes Debug

Console View © | Al | build-alphas/1 | force build 1 s failed 'setup_ci_instance.py -c ..." (failure) | FAILURE
> Builds 0 ©svn 1 s update
Builders 1) O shell 0 s 'setup_ci_instance.py -c ..." (failure)
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What kinds of things get us into
trouble In the resonance region?
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What kinds of things get us into
trouble In the resonance region?

- Missing resonances
- Miss-assigned resonances
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What kinds of things get us into
trouble In the resonance region?

- Missing resonances

- Miss-assigned resonances

- Missing or incorrect backgrounds
- Bad fits to experiment

Visual inspection of plots

Elastic:

Regular channels:
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What kinds of things get us into
trouble In the resonance region?

- Missing resonances

- Miss-assigned resonances

- Missing or incorrect backgrounds
- Bad fits to experiment

 Missing channels

Visual inspection of plots
FUDGE & PREPRO check

sssss
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What kinds of things get us into
trouble In the resonance region?

- Missing resonances

- Miss-assigned resonances

- Missing or incorrect backgrounds
- Bad fits to experiment

 Missing channels

- Bad match to integral quantities
(RI, thermal cross section,
MACS, Westcott factor, ...)
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Visual inspection of plots
FUDGE & PREPRO check

ADVANCE’s integral metric
report covers this

Engineering metrics
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What kinds of things get us into
trouble In the resonance region?

- Missing resonances

- Miss-assigned resonances

- Missing or incorrect backgrounds
- Bad fits to experiment

 Missing channels

- Bad match to integral quantities
(RI, thermal cross section,
MACS, Westcott factor, ...)

* I[nconsistent with the Atlas
- RRR-URR inconsistency

Visual inspection of plots
FUDGE & PREPRO check

ADVANCE’s integral metric
report covers this

Engineering metrics
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Resonance metrics to consider

Measures of energies Measures of widths

- Long range behavior - Long range behavior
* Average spacing vs. E - Average width vs. E
» Cumulative level - Width distribution
distribution _ - Short range behavior
* Short range behavior - Are there short range
- Nearest neighbor spacing correlations in the widths?
distribution

« Spacing-spacing correlation
- Dyson-Mehta 43 statistic
 Other statistics
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Resonance metrics to consider

Measures of energies Measures of widths

- Long range behavior - Long range behavior
- Average spacing vs. E « Average width vs. E
» Cumulative level « Width distribution
distribution - Short range behavior
* Short range behavior - Are there short range
- Nearest neighbor spacing correlations in the widths?
distribution
- Spacing-spacing correlation In most cases, have
- Dyson-Mehta 43 statistic analytic results from

random matrix theory
as guide

* Other statistics

U.S. DEPARTMENT OF
{@)ENERGY BROOKHEATEN

B



Typical resonance region

Cross Section (barns)

ENDF Request 1274, 2018-Aug-89,16:29:39
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Resonance metrics to consider

Measures of energies
- Long range behavior
- Average spacing vs. E

« Cumulative level
distribution

- Short range behavior

- Nearest neighbor spacing
distribution

« Spacing-spacing correlation
- Dyson-Mehta 43 statistic
 Other statistics
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Cumulative level distribution
already tells us a lot

* |s the g "
average 3
spacing = 300,
correct? £ 250 |
- Missing g 207
levels 5 1907
manifestas ¢ 100}
deviations &
from straight 3

line

50 -

0

{@JENERGY D. Brown, et al. Nucl. Data Sheets 148, 1 (2018)

n+183\W cumulative
nl=1/Z'1,18Wl=1/27] |evel distribution 4

RIPL : (Dp) = 12.0+1.00 eV _ 346

: (Dp) =13.940.02 eV (Mixed J=0",17) 1
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Application to 5°Mn shows good RRR-URR
transition; before missing lots of levels

D(E) (eV)

Mn55 + n average level spacing for L=0, J=3
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Look at resonance spacings
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Nearest neighbor spacing
distribution

/M Nearest neighbor
Sinars bilard % | . . .

- &5 71 spacing is simply

|

DI El+1'El

ko A

So, make a
histogram with

%

e
2.5

=Di/D
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Can immediately tell that levels are missing
based on shape or shift in x-axis scaling
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K41 + n nearest neighbor spacing distribution for L=1, J]=3

—— Wigner's Surmise
——— Poisson (k=0)
Bm ENDF

Wrong ave level spacing
pushes distribution to left,
makes more Poisson-like
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Spacings telli
us a lot more

* Poisson too random: — —
has big gaps and big
clusters —
* Picket fence too regular
« GOE just right — —
 S-L-S-L spacing
correlation E— B E—
* Almost as regular as Expected  Poisson Picket
picket fence (GOE) fence
(Uniform)
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p, the spacing-spacing correlation

p(Di, Diy1) =corr(D;, Dii1)
>(Di = D)(Dit1 — D)

>_i(Di — D)?
S-L-S-L pattern gives correlation coefficient of -0.27 for GOE
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Dyson-Mehta A3 statistic

- A fancy sounding name
x+L

* Measures “spectral A (r)--z-dfmm f [F(x') ~ Ax’" — BPPdx’
stiffness” b |

* Really just based on
straight line fit to
cumulative level
distribution

- Vary number of steps
(L) used in fit

- Know expected slope
as function of L

num. levels below E

*
E=x"D
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Dyson-Mehta A3 statistic

- Know expected values of 4sfor picket fence (regular), GOE (realistic)
and Poisson (random)

- 65Cu indicates significant admixture of resonances from other channel

- 198Pt does NOT indicate complete set of resonances, rather indicates
quality of fake resonances generated by TARES

Cu65 + n spectral stiffness for L=0, J=1 Pt198 + n spectral stiffness for L=0, J=0.5
3.5 1 —— GOE systematics —— GOE systematics
—— Poisson systematics —— Poisson systematics
3.0 { —— Picket fence (SHO) systematics —— Picket fence (SHO) systematics
® ENDF & ENDF
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Other metrics

- U statistic “thermodynamic energy”
« () statistic
 F statistic

- All give essentially same information as 43
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Resonance metrics to consider

Measures of widths

- Long range behavior
« Average width vs. E
« Width distribution

- Short range behavior

* Are there short range
correlations in the widths?
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Plot average with to show
consistency between RRR & URR

- Gamma
widths usually
small, not
vary much

* Neutron
widths, must |
be careful
about

“reduced
width” in URR
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Width distribution commonly
used to assess for missing levels

Hf180(n, el) width distribution for L=0, J=0.5 . A IOt Of Iiterature

102 5
using this to
101 ; assess missing
£ levels
E 100-§
9 * Wrong ave width
2 107 pushes distribution
©o to left
10-24 —— Porter-Thomas (v = 1.00)
——— Fitted Porter-Thomas (v = 0.85) _ ]
| mmm ENDF - Missing levels
1073

104 103 10 10-1 100 10! have small width
Y
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Other ways of displaying width distribution
are more informative, must investigate

n+=%U 0-20 keV

Mitchel, Shriner,
. NDC(NDS)-0561
(2009)
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%4Fe capture: group averaged capture resonances
reveals missing strength from 200 keV - 1 MeV,
likely from missing p-, d- wave resonances
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Mitchell and Shriner missing level
study INDC(NDS)-0561
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Missing Level Corrections using Neutron Spacings

G.E. Mitchell

North Carolina State University and
Triangle Universities Nuclear Laboratory

and

J.F. Shriner, Jr.

Tennessee Technological University
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Systematics of p & 43 as function of
# levels & fraction missin
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Fe54(n, el) missing resonance fraction for L=1, |]=1/2

4 Using p

Can we use these
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Status

- Lab report detailing system available (BNL-209313-2018-INRE)

 Aiming for rollout of report before next CSEWG

* Investigating combining width & Dyson-Mehta metrics for more

holistic estimate of missing/miss assigned levels
* Investigating RRR-URR constancy approaches

Brookhaven National Laboratory Report
BNL-209313-2018-INRE

A tale of two tools: mcres.py, a stochastic resonance generator, and grokres.py, a
resonance quality assurance tool

David Brown,'»* Declan Mulhall,>:T and Rishi Wadgoankar®

! National Nuclear Data Center, Brookhaven National Laboratory, Upton, NY
2 University of Scranton, Scranton, PA
3G.W. Hewlett High School
(Dated: October 19, 2018)

FF2%, U.-S. DEPAR
"' ENE We detail two software tools, now integrated into the fudge code system. The first tool, mcres.py,
e can be used to generate stochastic ensembles of resonances which are both consistent with the
expectations of the Gaussian Orthogonal Ensemble of Random Matrix Theory and with the level
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